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Elke abonné is in ons adresseersysteem ondergebracht onder een op de enveloppe vermeld 
administratienummer. Bij verhuizing, adrescorrectie of correspondentie over Uw абогле- 
ment dient beslist dit nummer te worden vermeld. Correspondentie dient U uitsluitend 
te richten aan: Van Dam Elektronica, Afd. TD 1970, Postbus 3149, Rotterdam. 


Inleiding. Coördinatie: Paul Е. Annokkee 


Deze nieuwe uitgave in 1970 wordt geheel in beslag genomen door een steeds verder in 
de belangstelling komende reeks produkten, namelijk: 


TTL digitale geïntegreerde schakelingen en aanverwante produkten. 





In deze documentatie wordt op een uitgebreide manier ingegaan op de technische gege- 
vens van 29 TTL IC's, terwijl een speciaal gedeelte gereserveerd is voor de meetscha- 
kelingen, waarmee desgewenst de betrokken specificaties kunnen worden gecontroleerd. 





De in deze documentatie besproken geïntegreerde schakelingen zijn uit voorraad maga 
zijn Rotterdam leverbaar. Het TTL programma wordt maandelijks uitgebreid met één of 
meerdere nieuwe typen (binnenkort o.a. ook up-down decade counte arithmetic logic 
unit and function generators, dual опе shot multivibrator); in een latere uitgave 
worden de nieuwe typen in totaliteit opgenomen. 














Wij wijzen U gaarne op de in de prijslijst opgenomen staffel prij 
van toepassing voor het totale aantal bestelde reinterreord«. : 
de bestelde typen en het aantal per type. In verband met mogelijke prijswijzigingen 
is deze prijslijst los uitgevoerd. 


-notering. Deze is 





Op pagina 68 hebben wij een overzicht opgenomen van volkomen ui twins elbare typen TTL з 
IC's van fabrikanten als Texas Instruments, National Semiconductor, ANG, Amperex, 












ITT, Fairchild, Ferranti, Motorola, Se jem, Transitron, Sprague, Siemens, SGS en 
Signeties. Zoals uit deze lijst valt af te leiden, is in het typenummor van de meeste 
fabrikanten de code 7400 verwerkt, zodat een snello herk nning mogelijk is geworden. 
Tot slot wijzen wij U nog op de op pagina 5 opgenomen gebruliksnanwi singen van de 
beproken produkten, Teneinde de семе > resultaten te kunnen bereiken is het in acht 





nemen van de besproken punten van groot belang. 
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ELEKTRONICA dst de vooruitgang in di 


techniek nog steeds doorgaat. 
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NOISE IN 54/74 TTL SYSTEMS 
by 


Bill Heniford 


Few subjects are so inclusive in scope and varied in con- 
notation as the generalized term “noise.” Noise may 
be loosely defined as undesired signals, whether sonic, 
magnetic, electric, or any number of others. The ma- 
jor area of est here will be extraneous voltages 
and currents in digital logic systems and specifically 
Texas Instruments SN5400/SN7400 TTL systems. 














Figure Та is a typical digital logie circuit. The effects 
of noise coupled into the circuit can be 1 in Figure 
lb and Ic. In Figure Lb a small noise pulse is present 
on the clock line, but the flip-flop does not respond 
as it does to the greater pulse in Figure le. 








If this cireuit were part of some arbitrary decision- 
making system, the conditions in Figure le would 
produce erroneous answers — usually worse than no 
answer at all. The noise present in Figure IB, while 
undesirable, is not really harmful. 


The origins and characteristics of such noise will be 
considered along with device characteristics pertinent 
to the subject. Methods will then be investigated to 
eliminate or counteract the effects of noise in logic 


systems. Full use will be made of the superior charac- 
teristics of SN5400/SN7400 TTL devices. 


Several types of noise must be dealt with in logie s 


NOISE TYPES AND CONTROL METHODS 





tems. The following classifications of noise will be 


used 


N 


5. 


. External noise 


. Power line noise 


. Crosstalk 


as defined: 


environmental noise radiated 
into the system. Such noise results from circuit 
break ‚rush motors, arcing relay contacts, ог 
magnetic ficld generating activity. 





noise coupled through the 
ac or d-e power distribution system. Initial 
sources are frequently the same as those of ex- 
ternal noise. 


noise induced into signal lines from 
adjacent signal lines. 


. Signal current noise — noise generated in stray 


impedances throughout the circuit from the 
flow of required signal currents. 


Transmission line reflections - unterminated 
transmission lines cause ringing and overshoot. 





FIGURE 1. Typical Logic Circuit With Noisy Inputs 





In general, noise categories defined above may be 
dealt with according to the following: 


Noise Types Considerations 










External Shielding 
Power Line Grounding 
Decoupling 


Crosstalk 
Signal Current 


Device 
Properties 


Transmission Ling 
Reflections 


SHIELDING 


Electrical equipment must function in an extremely 
noisy environment exclusive of its own internally 
generated noise. Noise pulses may come from many 
sources, but will be either an electrostatic field or 
electro-magnetic field or both. The noise wavefront 
must be prevented from entering the equipment. 


4.5 


These noise fields are usually changing al a rapid rate; 
thus, the aperture required to exclude them may be 
quite small. For effective exclusion, the sensitive cir- 
cuitry must be completely shielded. While aluminum 
or similar materials may be effective in stopping elec- 
trostalic noise, only a ferrous metal can successfully 
protect equipment against magnetic fields. It is helpful 
to connect the system to a good earth ground; but the 
shield system must be complete and must be grounded 
to the system ground; otherwise the shield may couple 
the noise on into the system. 


External noise may be conducted into the system 
from the power lines. Decoupling and filtering of 
these lines should be standard design procedure. 


Fast systems of logic are generally assumed to be 
more susceptible to externally generated noise than 
are slower systems due to the greater bandwidth. This 
assumption contains some truth, but it is not as rele- 
vant as is widely held. A slow logic system is less sus- 
ceptible to noise than a faster one only if it is slow 
compared with the noise signals. One of the fastest of 
the industrial noise generators is the silicon controlled 
rectifier (SCR, Thyristor, etc.). These devices produce 
rise-times of about І microsecond. Edges as fast as this 
are slow when compared with even the slowest types 
of integrated circuit logic elements. For example, MOS 


SN7400 N at Fan-out = 1,5,10 
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FIGURE 2. Typical SN5400/7400 Switching Times at 25° C 




















is probably the slowest I/C logic, yet is has propagation 
delay of about .5 microsecond and is as susceptible to 
industrial noise as is the fastest TTL. Actually, TTL 
has such low impedance that it is less susceptible to 
noise than MOS or any other logic system. 


GROUNDING AND DECOUPLING 


In the generation of internal noise the total propa- 
gation delay is of secondary importance; it is the actual 
transition time that determines the amplitude/fre- 
quency spectrum of the generated signal at the higher 
harmonics. See Figure 2. Application of the Fourier 
Integral to these SN5400/SN7400 series waveforms 
shows frequency components of significant amplitude 
exceeding 100 megahertz. In consideration of the 
frequency spectrum generated when an SN5400/ 
SN7400 device switches, it is obvious that a system 
using these devices must receive consideration from an 
RF viewpoint if trouble is to be avoided, even though 
the repetition rates may be only a few hertz. The 
transient currents generated by capacitance charging, 
changes in levels of direct currents, line driving, etc., 
must be considered. For example, a gate driving a trans- 
mission line may be represented by a voltage source E 
having an output impedance Zs connected to an im- 
pedance Zo, and loaded with resistance R. See Figure 2. 


Line Input 





FIGURE 3. Simplified Circuit of a Gate 


Driving a Loaded Transmission Line 

From transmission line theory (1), line termination 
is not a factor in drive current until after a reflected 
pulse returns from the termination to the transmitting 
device. In a practical TTL circuit the line termination 
must be high relative to the Zo of the line. Assume the 
voltage E ів 5 volts in amplitude, the Zg of the source 
is 50 ohms, and the Zo of the line is also 50 ohms. When 
E makes the transition from 0 volts to 5 volts, the vol- 





tage across the input of the line will be, by Ohm’s law, 


Zo 


Vin Еу = 2.5 volts 





о 


Now for the 50 ohm line to become charged, a current 
must flow onto the line equal to: 


lline = Vin/Zo = з 50 тА 


This current also flows in the ground return, іп this 
case the twisted pair ground. If the line and return are 
originated and terminated close to the driving and re- 
ceiving devices, there is no discontinuity in the line. 
Where the ground is poorly returned, the currents 
flowing see the discontinuity in the cable as a high 
impedance, and a noise spike is generated. Viewed in a 
slightly different manner, the ground current sees a 
low impedance and a current cancellation if the ground 
is properly carried through; if not, it sees a high im- 
pedance. See Figure 4 for a specific example. Assume 
the gate driving the line is switched from the “1” to 
the “0” state. Current flows as indicated by the arrow 
marked 1. Since the line is improperly returned to the 
driver, a pulse is developed across the impedance. A 
possible consequence is the false output of gate #3. 
If the ground return is properly made, desirable results 
are obtained in that the impedance discontinuity is 
eliminated and current cancellation occurs at the 
ground point. Undesirable voltage spikes are then 
eliminated. Two rules to reduce transmission line cur- 
rent effects to acceptable levels in TTL systems may 
be set forth. These are empirical rules found to be ef- 
fective (see Figures 4 and 5): 





1. Carry twisted pair and coaxial returns to a good 
ground termination close to the driving and re- 
ceiving devices. Figure 4 illustrates the necessity 
for this practice. 


~ 


. Decouple Усе of line driving and receiving gates 
close to the device with a .1-ИЁ disc ceramic 
capacitor (see Figure 5). 





As the logic devices change state, current levels 
change due to different device currents required in 
each state, to external loading, and to transients such 
as capacitance charging and discharging. Consider the 
circuit in Figure 6. 


As gate СІ switches off‚its internal current changes 
from lec (1) to Тес (0). Likewise gates G2 through 











“Impedance of poor = 
ground return 


FIGURE 4. Noise Generation due to poor 
transmission line returns 


Vee u 


OUTPUT 






= Broken arrow shows path of line-charging current. 


FIGURE 5. Ideal Transmission Line 
Current-Handling 


*Equlvalent Capacitance Includes 
Extemal, Stray, And Junctlon 
Capacitonces, All Gates SN7400, 


FIGURE 6. Test Circuit for І, Variation 


G6 change from Ice (0) to Icc (1). Also C must be 


charged by a current: 
Ie = С dV/dt 


where С is 49 рЕ, and dV/dt is the output voltage 
swing divided by the output rise time. Taking the fol- 
lowing typical data sheet parameters: (2) 


lec (0) = 3 mA 
lec (1) = 1 mA 
te: 10 ns 


tf «5 ns 








working with these values: 
alce(DC) = по. of gates (0 7 1)] Пос(0) «Тес (1)Ї 
t [no. of gates (1 7 бу] Пее(1) -Ice(0)] 


=1[1-3]+5[3-1] 


= -2 mA + 10 mA 
=+8mA 
and 
Ice (AC) = € dV/dt 


о AV 
= (49 x 1012) (45 n) 


= (49 x 10-12) (.4 x 109) 
- 19.6 mA 


Plotting these values gives the change in [сс shown 
in Figure 7a. Actual observed values (Figure 7b) were 
as follows: 


Тес (DC) = +8 mA 
lee (AC) = +24 mA 


If gate G1 is now forced to switch to the “0” state, 
the ^ Тес will reverse from the above figures; that is, it 
will i аве by eight milliamperes. The transient, ог 
a-c current is another matter however. As gate G1 
turns off, it must discharge the capacitor C in Figure 
6 through the Reg of the output transistor 10 ground. 
Again, this current can be calculated from the voltage, 
capacitance and fall time of the output: 





Ind = C dv/dt = (49 x 10-12 F) (4 V)/(5 x 10-9 s) 
= 39.2 mA 


Since C is being discharged to ground, no transient 
current should be dumped onto the Veg line. Tests 
have shown this to be true. This fact, plus the close 
agreement of the calculated and observed currents to 
charge capacitance C, should eliminate concern over 
the possibility of both output transistors having over- 
lapping conduction times. 


The flow paths of these currents have been investi- 
gated in order to intelligently explore the grounding 












Vert: 10 mA/cm 
Horiz: 10 ns/cm 
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FIGURE 7. Il, Waveform From Figure 6 Circuit 
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FIGURE 8. “Transmission Line” Power Buses 


and decoupling necessary to counteract their effects. 
Vee decoupling thus may be approached in two ways; 
common to both is the requirement to maintain low 
impedance from the individual circuit У се to ground. 
First, the Усс line may be considered a transmission 
line back to a low impedance supply. The positive bus 
may be laminated with a ground bus to form a strip 
transmission line of extremely low impedance as is 
done in some emitter-coupled logic systems (Figure 
Ва). Such aline may be electrically approximated with 
lumped capacitances (Figure 8b). The inductances in 
Figure 8b are usually a distributed component which 








must be minimized to lower the Zo of the line. An 
alternate approach is to consider the Усс bus as a d-c 
connecting element only and provide a low-impedance 
path near the devices for the transient currents to 
ground (Figure 9). For effective filtering and decou- 


pling, the capacitors must be able to supply the change 
in current for a period of time greater than the pulse 
width of this current. Since the problem is one of 


У Bus 
сс 





FIGURE 9. Capacitive Storage V System 





essentially 4-с changes due to logic state changes cou- 
pled with transients associated with the change, two 
different values of time constant must be considered. 
Capacitors combining the high capacitance required 
for long periods with the low series reactance required 
for fast transients are prohibitive in cost and size. A 
good compromise is the arrangement shown in Figure 
10. 


Distributed L 





FIGURE 10. Commonly Used Power 
Distribution & Decoupling System 


Typical component values may be found as follows: 
For the КЕ capacitor, C2, assume the parameters 


to have common values such as 


alee = 50 mA 


^T = 20 ns 





alee _ 50x 10-3 _ (50)(20) x 10-12 
aV/aT .1/(20 х 1079) 1 


C2 = 10000 x 10-12 


C2 - Орић 


The same approach may be used for the low-fre- 
quency capacitor Cl. However, the factor. T which 
was merely a worst case transient time when calcula- 
ting C2 now becomes a bit hazy. An analysis of the 
current cycling on a statistical basis is the best ap- 
proach in all but the simplest systems. The recom- 
mended procedure is to use "brute force," and decou- 
ple with 10 to 50 „Е. 


A discrete inductance of 2 to 10 microhenries is 
sometimes added for further decoupling. Llowever, its 
benefits are questionable and its usefulness should be 
evaluated for the individual system. The low-pass filter 
formed must be capable of keeping the transients con- 


fined and off the distribution bus. The possibility of 
resonance in the inductor or LC combination must ђе 
considered. 


Noise spikes on the Усс line that do not force the 
gate output below the threshold level are not serious. 
Downward spikes as great as three volts have been tol- 
erated on the Усс line without propagating through 
the logic system. Thus the system designer can be 
greatly relieved on the subject of Усс noise if even 
minimal consideration is given to the subject. 


Ground noise is another matter. Pulses on the 
ground line can quite readily exceed the noise thres- 
hold. Only if a good ground system is maintained can 
this problem be overcome. Likewise, if properly di- 
rected attention is paid to the ground system, prob- 
lems seldom arise. 


The concept of a common ground plane structure 
as used in RF and high-speed digital systems is quite 
different from that of the common ground point as 
used in low frequency circuits. The more closely the 
chassis and ground can approach being an integral 
unit, the better the noise suppression characteristics of 
the system. Consequently all parts of the chassis and 
ground bus system should be bound tightly together 
electrically and mechanically. Floating or poorly 
grounded sections not only break the integrity of the 
ground system, but may actually act as a noise distri- 
bution system. 





The matter of grounds and decoupling on printed 
boards requires some attention here. The most desir- 
able arrangement would be a double clad board with 
ide carrying the interconnections and the other a 
solid ground plane. Where component density pro- 
hibits this, the ideal should be relaxed only as far as 
necessary. Crosstalk can become a problem on large 
boards; an adequate board ground mesh will go far in 
reducing crosstalk as well as ground noise. Some sug- 
gestions for board grounds where a plane is not practi- 
cal are 


о! 








1. Make the ground strap as wide as possible 
everywhere, even though this may mean its 
width varies radically. 


2. Form a complete loop around the board, 
bringing both sides of the board through 
separate pins to the system ground. 


The Vee line can provide part of the ground mesh 
on the board, provided it is properly decoupled. For a 
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FIGURE 11. У 


тп 


ТТІ, system, 0.01 pF per synchronously driven gate, 
and at least .1 uF per 20 gates regardless of syn- 
chronization is a good rule-of-t - This capaci- 
tance may be lumped, but is more effective if distri- 
buted over the board. A good rule to follow is to per- 
mit no more than five inches of wire between any 
package Усе point; a total of 0.01 uF, RF type 
capacitors are mandatory — disc ceramics are a good 
choice. It is sometimes a good practice to decouple 
the board from the external Усе line with a 2.2 „II 
inductor and а 10-#F to 50-и К capacitor as stated ear- 
lier, but this is optional, and the RF capacitors will 
still be required. In addition, it is strongly recom- 
mended that gates driving long lines have the Vee 
supply decoupled at the gate Усс terminal and that 
the capacitor, device ground, and transmission line 
ground be brought to a common point. The reasons 
for this should be more obvious after studying the 
currents involved in switching and line driving. 








NOISE MARGIN IN 54/74 TTL 


Intimately associated with noise performance are the 
inherent characteristics of the logic elements chosen 
for a given system. TTL circuits represent an excellent 
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composite of electrical properties for noise-free opera- 
tion. 


Figure 11 shows typical Vout vs. Vin 
for Texas Instruments SN5400/7400 ga 








By defining Vout(1) as that output present when 
the input is a typical Voui(0) level, Vout(0) as that 
output present when the input is a typical Уош(1) 
level, and Vihreshold as that voltage at which input 
and output are equal, it is possible to arrive at typical 
values for each. These are presented in Table 1, Note 
that these are not worst case definitions but operating 
values. 


TABLE 1. Typical Output & Threshold 
Voltage for Texas Instruments SN5400/ 
SN7400 Gates. 


Vee = 5.0 V 
55°C 0°C 25°C 70°C 125°C 
Von) 36 38 39 41 425 


Хош) 023 24 025 25 25 
Mies 140 - 138 126 125 а 





In order to assure the user of Texas Instruments 


TTL a safe operating margin, the devices are tested 
and guaranteed to the data sheet limit(2) shown in 


Table 2. 


TABLE 2. Guaranteed Input/Output Para- 
meters for Texas Instruments SN5400/ 
SN7400 Gates. 


Vout(1) 224V 
Vout(0) > 0.40 V 
Vin(1) 220V 
Vin(0) > 0.80 V 


The accepted definitions for 4-с noise margins for 
the different logic states are defined in Figure 12. Now 
by examination of the data in Tables 1 and 2 the typi- 
cal and worst case 4-с noise margin curves for the 
SN5400/SN7400 series can be dete 1. Typical 
figures are illustrated graphically in Figure 13 for 
ambient temperatures from -55°C to +125°C. The 
worst case guaranteed value of 400 nillivolts(!) is a 
constant value within the above range covering both 
logic states for any load within the fanout limits of 
the device. 
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FIGURE 12. Definition of Noise Margin for 
SN5400/SN7400 Gates 
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Noise 


In addition to the d-c noise immunity, a noise 
immunity may be defined around noise amplitude and 
pulse width. At the limits, the a-c noise immunity 
varies from the d-c values to a theoretical infinity at 


У =5,0V 
ce 
Fan-out 10 


Typical "1" State 


td У Typical "0" State 


———————————————————6‹ч=+=амее4, Either State 


-50 -30 -10 10 30 
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FIGURE 13. 5М5400/7400 DC Noise Margins 
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extremely narrow pulse widths as in Figure 14. Pulses 
shorter than the propagation delay of the devices will 
not propagate through the system. Thus the effective 
noise immunity is that noise level and pulse width be- 
low which noise signals will not propagate through the 
system. As shown in Figure 14, a-c noise rejection ap- 








proaches infinity asymptotically at very narrow pulse 
widths and approaches the d-c noise margin asymptot- 
ically near pulse widths equal to device propagation 
delay. 

In general, noise coupled from external sources has 
sufficient pulse width that only the d-c noise immun- 
ity is effective, since only about 6 nanoseconds are 
required for the device [0 respond. 





CROSSTALK IN 54/74 TTL 


| When currents and voltages are impressed on а con- 
| necting line in a system, it is impossible for adjacent 
lines to remain unaffected. Static and magnetic fields 
interact and opposing ground currents flow creating 
linking magnetic fields. These cross-coupling effects 
are lumped together as “crosstalk.” 


Signal lines are grouped into three categorie 
axial lines, twisted pair lines, and straight wire 
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FIGURE 14. SN5400/SN7400 AC Noise Immunity | 


Due to the low impedance and shielding characteristics 
of coaxial cable, coaxial cable cross talk is minimal 
and is no problem with TTL. 


Figure 15 is adequately descriptive of practical 
types of signal transmission lines. The mutual react- 
ances Lm and Cm which form the noise coupling 
paths, and the line parameters Lg and Су which govern 
the Zo of the line will vary with the type line used. 
Since crosstalk is a function of the ratio of the mutual 





All gates SN7400 


FIGURE 15. Coupling Impedances Involved 
In Crosstalk б 
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impedances to the line characteristic impedances, the 
type of interconnection to be used must be at least 
partially a factor of crosstalk considerations. Coaxial 
cable combines very high mutual reactances with low 
characteristic impedances as well as shielding; there- 
fore crosstalk is effectively eliminated. Twisted pair 
lines have higher characteristic impedances and lower 
coupling impedances; consequently crosstalk becomes 
a possible problem. Direct wired connections are the 
simplest and cheapest approach, but they are also the 
poorest for noise rejection. 


Fortunately, much of the noise that may be cou- 
pled in is subdued by the very short time constants 
and impedance voltage-division which result from the 
low output impedances of SN5400/SN7: 
sible to use direct leads up to ten inches. 
twenty inches if the lead is routed close to ground and 
not cabled tightly together with similar lead 
longer distances twisted pair or coaxial cable 





00. It is pos- 





and up to 





For 







quired. Twisted pairs are usually less expensi 
easier to work with, but noise levels become objec- 
tionable beyond twelve feet. 





An indication of the superior noise rejecting chara- 
teristics of SN5400/SN7400 TTL can be observed in 
the circuit in Figure 16. Although Cm is large (.001 
uF) and Cg so small it can be neglected, capacitive 
crosstalk still does not appear. ‘This leaves the de 
signer with only inductive coupling effects to deal with. 


LINE REFLECTIONS IN 54/74 TTL 


When the lines used to transfer digital systems be- 
come long enough that line propagation delay is equal 
to or greater than the pulse transition times, the ef- 
fects of reflections must be considered. Factors such 





a. Line Input 


Vert: 1 V/cm 
Horiz: 100 ns/cm 
Zo = 50 


R= 1 Unit Load 














Vert: 
Horiz 


5 V/cm 
0.5 ps/em 


АН gates SN7400N 


FIGURE 16. Static Crosstalk Immunity of 
SN5400/SN7400 TTL 


as gate output impedance, Zo of the line, possible ter- 





minations, and line length must be evaluated since 





problems may arise in excessive delay, ringing, over- 


shoot, or various other areas. 


In the discussion related to Figure 3 note that only 
half the generator voltage was developed across the 
line initially, regardless of the termination. Assume 
the receiving end load, R, to be greater than Zo, which 
is the only case normally encountered in SN5400/ 
SN7400 TTL. The relative values of R and Zo deter- 
mine a positive reflection factor which sends the 
pulse back down the line to the receiving end after 27, 
where T is the time required for the signal to propa- 
gate the full length of the line. Figures 17a and b show 





b. Line Output 


FIGURE 17. Transmission Line Input & Output Waveforms With SN5400/7400, Figure 4 
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_the input and output waveform for a test set up as in 


Figure 4. 


This is a realistic situation with SN5400/SN7400 
TTL. Note that the input waveform (output of the 
driving gate in Figure 5) steps to 1.4 volts and holds 
for 2T. This agrees closely with the calculated imped- 
ance division value, assuming the gate drive voltage to 
be 3.5 volts (final d-c value) and the gate output 
impedance to be 70 ohms: 


Zo 


Voltage = E 
WEN ZIEL 





+3.5 = 1.45 У 





50 + 70 


The first step is terminated after 27, at which time 
the first reflection from the load end returns and 
steps the voltage an additional 1.4 volts or a total of 
2.8 volts. Additional steps occurring at 2T intervals 
bring the voltage up to the final 4-с value, but since 
the second step is well above the minimum output 
“1” state, these steps аге of little concern. 


Looking to the load end (receiving gate input), the 
line input step is seen to arrive after Т with an amp- 
litude approximately double the input voltage calcu- 
lated above. The actual received step level is seen to be 
2.0 volts. Again these are approximately the antici- 
pated values from transmission line theory.(!) The 
TTL gate input in the “1” state presents close to an 
open circuit termination. 


The implications of these factors should be ex- 
amined in detail. First, since the initial step at the 
line input falls at the threshold of a gate input (see 
Figure 11), any gate having its input connected to 
this point will be operating within its linear region and 
instability or oscillation could result. At the very best, 
its output state would be unknown. Also since the first 
step is so low, excessive currents are being drawn from 
the gate, aggravating ground and Усс noise problems. 
At the receiving end, the first step does exceed the 
threshold and in fact reaches the guaranteed minimum 
output “1” level, but is seen to dip back to 2.2 volts 
with some loss of појве margin. If variations in devices, 
temperature, Усс, and line impedance are considered, 
the situation looks much more critical. ‘The receiving 
gate input could actually remain below the threshold 
on the first step. If so, an additional 2T delay is added, 
some undertermined amount of noise margin is lost,and 
instability could result as was pointed out for the 
driving end. Under other conditions the gate input 
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voltage could rise above the threshold and then fall 
below, causing a double pulsed output. Any number 
of possibilities could be uncovered by closer examina- 


tion. 


There is no one correction factor that will eliminate 
all those potential problems. A proper combination 
can be quite effective. Consider the following tech- 
niques. 


To increase the amplitude of the input step: 


1. Lower the driver impedance. Devices could be 
connected in parallel or the buffer gate used. In most 
cases neither is necessary with TTL. 


2. Increase the transmission line impedance. Coax- 
ial cables of 93 ohms are quite practical in size and 
cost; or twisted pairs can be used where practical. 
Twisted pair impedances vary from approximately 
100 ohms upward. 














O.1pF 0.1 pF 


Zo 0 
(One Line Only) 


Broken arrows Indicate current paths 


FIGURE 18. Recommended Line Driving 
And Receiving System 


The second suggestion is implemented in Figure 18. 
Note the dramatic improvement of the waveform at 
both ends of the line shown in Figure 19. None of the 
potential problems noted before are likely now. How- 
ever, it is still reasonable to put certain restrictions on 
the line driving capabilities and noise immunity of 
SN5400/SN7400 TTL: 


1. Use direct wire interconnections that have no 
вре ground return for levels up to about ten 
inches only. A ground plane is always desirable. 





2. Direct wire interconnections must be routed 
close to a ground plane if longer than ten inches, and 
should never be longer than twenty inches. 


3. When using coaxial or twisted pair cables, design 
around approximately 100 ohms characteristic im- 
pedance. Coaxial cable of 93 ohms impedance (such as 
Microdot 293-3913) is recommended. For twisted 
pair, # 26 or # 28 wire with thin insulation twisted 


Vert: 1 V/cm 
Horiz: 100 ns/cm 





a. Line Input 


5. Line Output 


FIGURE 19. Improved Waveforms Found in Circuit of Figure 18 


about 30 turns per foot works well. Higher impedances 
increase crosstalk while lower impedances are difficult 
to drive. 


4. Insure that transmission line ground returns are 
carried through at both transmitting and receiving 
ends. 


5. Connect reverse termination at driver output to 
prevent negative overshoot. 


6. Decouple line-driving and line-receiving gates as 
close to the package Усс and ground pins as practical, 
with а .1-4F capacitor. 


7. Gates used as line drivers should be used for 
that purpose only. Gate inputs connected directly to a 
line driving output could receive erroneous inputs due 
to line reflections, long delay times introduced, or 
excessive loading on the driving gate. 


8. Gates used as line receivers should have all in- 
puts tied together to the line. Other logic inputs to the 
receiving gate should be avoided and a single gate 
should be used as the termination of a line. 


9. Flip-Flops are generally unsatisfactory line driv- 
ers due to the possibility of collector commutation 
from reflected signals. 


SUMMARY 


Since SN5400/SN7400 devices characteristically 
have short propagation delay times with fast rise and 
fall times it might be assumed that TTL devices have 
poor system noise characteristics. However, between 
the noise producing output and the noise receiving in- 
input lies the efficiency of the noise coupling. It is in 
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this area that the most outstanding characteristic of 
TTL is applied. The SN5400/SN7400 inputs are volt- 
age level (and pulse width) sensitive. Obviously then, 
the extremely low output impedances in the “O” and 
“1” states minimize the coupling time constant and 
are a tremendous factor in reduction of cross coupling. 
In practice this offsets the shorter delay times and 
faster rise and fall times of TTL which tend to in- 
crease cross coupling. Thus TTL will often be found to 
perform well in systems where devices with slower 
transistions or higher DC margins but with higher im- 
pedances are ineffective. 


The undesired effects of noise in a digital system 
can be essentially eliminated by proper system design 
considerations. Texas Instruments SN5400/SN7400 
TTL has been shown to possess the high noise margins 
and low impedances desirable in combating noise. In 
industrial systems, the additional speed of TTL shows 
no greater susceptibility to environmental noise than 
slower devices. 


Crosstalk and line reflections are easily handled with 
TTL if the high frequency characteristics and low im- 
pedances are considered. Cabling and grounding/de- 
coupling must be done as for an RF system. Proper 
attention to the measures discussed in this report pro- 
duces a system of superior performance compared to 
those using less sophisticated logic devices. 
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PARAMETER MEASUREMENT INFORMATION 





8-с test circuits§ 








N. ach gate tested мету 


FIGURE 13 
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1. Each gate is tented separataty 


2. одем 0 and inqieal 1 ravshtionr are төмен 





FIGURE 14 
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2. Each inverter и vested separately 


FIGURE 19 
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1. Ай inverters ure tested simultaneously 
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FIGURE 8 





1. Bath inputs are tested simultaneously. 
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FIGURE 26 
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FIGURE 29 FIGURE 30 
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2. Each gere is tested separate. 
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1, Fach output із tested separately. 


2. Preset and clear are tested with Vinictack) 7 0. 











FIGURE 36 





e . 


Von 















1. Ан mins are tet y 





инни i ntn separately 





























FIGURE 31 FIGURE 32 
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FIGURE 43 








Preset nan. 
01.22. 23. KY, ка, ond KI 


[IV 12, 1 кї, K2, ond K3 
Clo, 32, und 43 
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2. lec й енем with ler st GND, thn with учат a Gu 










TEST TABLE 


Preset, Clear, 1. 17, 13, KI, кї, ond кї 
lock, K1, K2, өмі кі 
Cher | Clock, 1,12, ond 33 

















FIGURE 44 


Wy | Clock. Clear, 02, ond 33 
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n Clock Clear, 1. ond J2 
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FIGURE 54 
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1. Each flip-flop М tested senerenely. 
> жасы ооны in tasted оваца. 
FIGURE 46 
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1. Koch Tipo i ested portal, 
2 rh ери міні separately. 

3,090 к moment opploed te бөй, thn 45 У. 

Alec емнен wiih D, ick, and рен at GNN, ton with D, chock, and cer at OND 
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5. етып iv ріка for ама 76/5М7476 circuim оту. 
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FIGURE 56 





TEST TABLE 





Ani Yin Apply Momentary 
(Test іа! case GND, then 45 V. 
Clock Clear, J, and K — None 
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Preset (See Note 11 
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у, Prenet is applicable tor SN5A7G/SN7476 
жаст measure 

3 - к - Clock = Cinar = СМО, For GNSATC/SNTA2G: Preset = 4.5 V. 
к SNSATUSN7A7 1 
азм, then GND 
for эмбагв/нм?ага з 
3. Each 


FIGURE 49 













Clear 4.5 V. K = СМО. and apply momentary 
© сме 





Preset - СМО, and Clear = 4.5 V. 
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1. Each input is texted seporetely, Input not being tested is at 4.5 V. 


FIGURE 58 
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1, Each tip-top is ested зера. 
1. Exch output is tested seperately 
FIGURE 52 
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1. Quiescent and fired conditions ara tested. 
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(See Note 5) 





TEST CIRCUIT FOR SN5400, SN5402, $45404, $45410, 5М5420 $45430, 3146440, SNS450, SNS451, 545453, SNSASA, 
587400, 5N7402, SN7404, SN7410, 5N7420, SN7430, SN7440, SN7460, SN7461, SN7453, АМО SN7454 


OUTPUT Voc“ 5 V 










PULSE 
GENERATORI 
(See Nom 1) 





INPUT 





output Жыш 


VOLTAGE WAVEFORMS 


NOTES: 1. The gonaraioe has the following characteristic: М, | = 35 V, fo = 5 as, | 0.5 us, PRR =1 мн: Z твой. 


2. Ай diodes are 142064, 





ME 
ы” = 
C, includes probe and jig capacitance. 
5. When testing the SN5400/5N7400 through SNGaAL/SN/440 (except 5454027547402} connect all unused inputs 
to 2.4 V. When testing the SN5402/5 7402 or 5МбаБ0/5М2450 through SNSASA/SN7454, apply the impu putre 10 
one input of one AND section and 2.4 У 10 all unused inputs of that AND section. All inputs of unused AND 
sections пек grounded. 
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FIGURE 85 GATE PROPAGATION DELAY TIMES 











TEST CIRCUIT 






Уола) 


VOLTAGE WAVEFORMS. 


NOTES: 1. The generator hes the following eherscterivties: М, 
Zu “SON. 


2. АЙ diodes ara 1/2084. 


= BV. tg = Sent, = 10m 


o 3 705 js PAR = Me, | 





ue 
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кетте” 

44 2 

4. C, includes probe and jig capacitance, 


FIGURE 66-ЕХРАМОЕН PROPAGATION DELAY TIMES. 
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CLEAR о PRESET 
теит © INPUT 
Test rest 
? 9 aureur 


SN5470/SN7470 TEST CIRCUIT 





Preset ог clear function of the SN5A70/SN7470 can occur only whan clock input is low. Gated inputs are inhibited. 


Notes: 1 
2. Clear and preset inputs of the SN5474/5N7474 dominate regardless of the state of clock or О inputs. 
3. All diodes are лмзоба. 
4. С, Includes probe and jig capacitance. 


FIGURE 87-SNS470/5N7470 AND SN6474/5N7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 1 OF 2) 
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лякав я РУМ AL ен ° 
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‘ven 


PRESET INPUT 
PULSE GENERATOR 


aoureur 


Gourrur 


VOLTAGE WAVEFORMS 





NOTE 6; Clear ar preset mput puke character 
1, 30 ns for SNSATA/SN 7474. 





SN^470/58/7470, and 


FIGURE 67-SN5470/5N7470 AND SN5474/SN7474 PRESET/CLEAR PROPAGATION DELAY TIMES (SHEET 2 OF 2) 
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PULSE 1 - 
Е GENERATOR 
‘TEST TABLE р 
КЕТЕ ^ a o 
но. ^ [a p 
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мы | reg oem 
a Црни | је ' 
2 y! None [11,12 





na 
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ШЕЛ мем exe 











1 
| 
NOYES: Clock pulse іше note 3), input А, ond iu B are шыла | ! 
LSE 
ied ло теве, n 1 
Бн с ы GENERATOR ! ° 
2. Clock frequency, tyyp and Yugo (rom clock то out | el tote 
тө ам im HS Toggle moe. Mold d = K = | : 
Legeal Y per truths table amd apply clock pulse Gore e 
(sse nore 2), Outeur 
а Clock puise charscterimies: Vy, > зв Voy = А 
0 na, ty 20 ro, aml HHH MHz: When testing m 
каш vv PAR е 
a. input pulse characteristics! Vian = 35 М, to А 
sac оса 
з Ан diodes ме умзова, output 


6. ©, емін 





VOLIAGE WAVEFORMS 


FIGURE 68- SN5470/SN7470 FLIP-FLOP SWITCHING TIMES 








CLOCK PULSE 





CLOCK 
INPUT PULSE 
ISEE NOTES 1 AND 2) 


MINIMUM 
Мар. 


aon бойтрит 


оон OUTPUT 


VOLTAGE WAVEFORMS 
осм, 4, зима K put pul гасе на Va, 
ino cis: УМУ PAN. 

2, For the SNSATIISNTA72, а 





A V, lg = b mn, 1 = 1Û ni, ZO m, and PRR = 1 мна, When көн. 





пеш” зајма K = ка * ка * КЭ, 
З. Gates inputs [shown with dorted lines) are for the SN54/2/2H7472 only. Thn SNNAZA/SN 7473, SN54107/5N74107 


SNS47G/SN 1475. Dual Flic-F ops have direst J зена K inputs, and preset it nor available on the SNG472/5N7473 and 
SN54107/SN74107. 


а All diodes are IN2064. 
C, ішімен риши and үш copmeitanen, 











FIGURE 69-SNS472/SN 7472, SNSAT3ISN7473, 5N5476/5N7476, 5М54107/5М74107 FLIP-FLOP SWITCHING TIMES 


CLEAR INPUT 


PRESET INPUT 
(SNS472/SN7472, 
SN5476/SN7476) 









Goureur 





VOLTAGE WAVEFORMS Voutlor 


Notes: 


1. Clear or preset inoun dominate reparaiess ot the state of clock or 3 K inputs 


Cinar oF preset input pulan characteristics: Veg = 35 V, ty вн 1, 
and Zo, 550 fL 





30 75, дна" Sptpresan) 7 28 а PAR = 1 MHE, 





3. Gates Inputs (shown with dotted Hines) are for the SN5472/SN7472 only. The SN5473/SN7473, SN5476/SN7476, and 
SNSA107/SN74107 Dual Flip-Flops have dirt J and K inputs, and preter ir not available on the SN5472/SN7473 or 
SN54107/5N74107. 

4. АН diodes ме 143084. 

5. С, includes probe and jiy capacitance, 


FIGURE 70-SN5472/SN7472, SN5473/SN7473, SN5476/SN7476, SN54107/SN74107 PRESET/CLEAR PROPAGATION DELAY TIMES, 





















DINPUT CLOCK 
(See Note 2) PULSE 







р (PULSE В) 
Е NOTE 2) 











PULSE 


NERATOR| 
(See Note 1) 









LOAD CIRCUIT 2 
(SAME AS 1) 








TEST CIRCUIT H 











un 
oururo 15V 
Момо) 
оџтРит б Мом! 
15V 
Мончо) 


VOLTAGE WAVEFORMS 


The pulse generator has the following characteristice: М, 
ty = 10m, 1, = 50 hs, PAN = 1 MHz and Zo, 7750 N 
АН diodes wrt, IN3064, 

©, includes probe and jig capacitance 


-28У,4)-8тқ 





FIGURE 73-1, (intern 









tt Vonn‏ ج 
aon U OUTPUT‏ 
і Моно)‏ = 1 
Vout)‏ سات ا 
1 
ооп Woutrur‏ 
L——————— == У,‏ 


VOLTAGE WAVEFORMS 

1. Clock Input pulse has the following characteristics V... = 3.5 V, to = 5 na, ty 10. 
When testing f|. vary РАВ. 

2. D Input (pulse А) has the following characteristics: V = 3-5 V, ty = 5 m | ЕМ 
PAR Is 50% of the clock PRR. D input (pulse В) hos the following charactarlatica: Vaar = 3-5 V, tg 5 14 = 
жов” 5 п tp 7 60 п, and РАН Is 50% of the clock РАВ. 

3. АИ diodes are 1N3064, 

4. С, Includes probe and Jig capacitance, 

FIGURE 71-5N5474/5N7474 FLIP-FLOP SWITCHING TIMES 





300, 








-20 
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SSeS es 


LOAD CIRCUIT 2 
| (SAME AS 1) 






TEST CIRCUIT 









INPUT PULSE 


9 INPUTJINVERT 
{119 АПА? INPUTS, 


OUTPUT а 


VOLTAGE WAVEFORMS 
1. The pulse genarstor has the following characteristics: V, 








250 п" 


ty = 10 ns, t, 250 ns, PAR = 1 MHz, and Ze, 


J 
2. Ай diodes sra 1N3064. 
3. C, includes probe and jig capacitance. 


FIGURE 72-SN54121/SN74121 SWITCHING TIMES 
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TYPICAL CHARACTERISTICS § 
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Unless otherwise noted, data as shown is aoptiësble for:SN6400, $45402, ЗМ5404, SN5410, SN5420. SN5430. $45450. SNB481 


5453, SN5454, SN7400,SN7402, SN7404, SN7410, 57420, SN7430, SN7450 
_ SN7451, SN7453, 347454. 
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INDICATOR TUBE 





Long lile cold cathode ten digit indicator tube for side viewing 


DATA 








Ман нер 





Мити rats, 012343560789 


Decimal point to the teit of the numeral. the natural frequencies of the numeral cathodes lie within the range from 300 Hz 
10 нію Hz. 


Supply voltage Vp, min. 170 v 


Anode current, average 2.5 та 


peak la max. 12 mA |. 55701 Printed wiring mounting board (19 x 100 mm)on which the ZM1000 can be sol- 
dered; afterwards the combination can be mounted on a vertical printed wiring 





ар 





GENERAL 













nor exceed 2.5 mA. 


coed 05 V. Minimum pulse duration 100 ик. 
For further Inturmation consult the manutacnirer. 





Ihe numerals are 14 mm high and appear on the same base line allowing in-line 
teud out, The ZMIMOR is provided with a red contrast filter. 





cover 








board 





Any 


may be dip-soldered at я solder temperature of max 
approx. 14 mm 10 seconds up to a point 5 mm fr 


tube holder 55703. 


PRINCIPLE OF OPERATION 55703 Snap-fit tube holder. 





Phe tube c 
еттей pamtza primer, and one common anode. By applying a suitable voltage be 
tween the anode and ome of the cathodes the corresponding numeral or the decimal 





dicator tube assembly. 


"The deviations of the axis of the pins with respect to the true geometrical position 
area of max, 0.3 mm diameter, "Ihe pin configuration ts compatible with 
the reference grid for printed wiring according to TEC Publication 97 (0.1 in). 





the seals. 





rrying, e.g., the drive circuit. Can also be used with the snap-fit 


55702 Tube socket (for 0.1 in grid). Phenolic. Tinned contacts. 


tis ten cathodes: im the form of ten numerals and one in the form of а 55704 Set of one left-hand and one right-hand end piece to complete the snap-fit in- 


point will be covered by a red neon glow. — CHARACTERISTICS AND OPERATING CONDITIONS 


The primer allows ionization without delay in strobe type or blanking applications. 








Ignition voltage Viga max. 170 
DIMENSIONS AND CONNECTIONS Dimensions in 
Maintaining voltage Ми see page 4 
direction ol өеме 
йлы Anode current for coverage la min. 1.5 
(with or without decimal point aud la max. 4.» 
Vkk = Укк 7 Уп, see pages) 
Cathode selecting voltage Vik see page 5 
Cathode resistor, decimal point Кар 190 
Primer resistor Rpr 10 






DT 


den] T T 4955 





Extinction voltage 





Ту Length of toe. pins max, 2,8 um. Ту Lowe 


"у Not tinned. 
+) Standard spread 0,14 ти 





ya! operation over full temperare range 0 9 ro 470 9C. 





DU. nperanion see pages 4, 5, 6 and 7. 


anion 





Peak currents up to 12 mA can be allowed provided the average current value 


Vo avont excessive glow on "off cathodes, the cathode selecting voltage should ex 


MFE EXPECTANCY atl, = 2.5 mA 


as other tubes in this 





ик tube is manufactured on the same physical principle: 
category and it is expected that the Ше will be comparable, viz: 





кина ћу changing the display from one digit 
the others every 1000 h or less 100000 h 200 
Mean time between failures. min, 200000 h Vm 
(м) 
LIMITING VALUES (Absolute max. rating system) t 
Anode voltage necessary for ignition Va min. пу e 


Anode current, 














с during any conduction period la mm, 15 ma 
average (Tay = 20 ms) 4.5 mA 
peak ар шах. 20 та 

Cathode selecting voltage Vik 
Nias voltage between anode and 
"off" cathodes Vinas тах. Veloating 
Ambient temperature tamb man. -3 ос 1) 
tamb max. +0 оС 





V) Bulb. temperatures below 1090 result ina reduced hfe expectancy amd changes in 


characteristics (сес page 4). 


For equipment to be used over a wide temperature range, “constant current op- 
eration” (high supply voltage with a high anode series resistor) ts recommended, 


69. 


this 








d by the 
stor. 









incre, 





ext man, 118 


Ines of this resistor are permitted. Ihe anode current should be in 
se of decimal point current resulting from the decrease of 


40°C for maximum 
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mA 


ка + 10% % 
м + шу; 
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YN FOU E Tels екипи a sods kg voltage Wiki ls 2:5 m; Graph denoung the relationships of D. C. anode supply voltage and required. anode 
Ikk und X lk are proportional to the anode current wahin the operating range orla | !Csistor to remain within the recommended operating region. 
amd with Vik = 0 V io MW V. 


Ihe eurves are valid tor instantaneous values and for average values of anode current. 











Op pagina 69, 70, 71, 72 en 75 hebben wij de datasheets op- 
genomen van verscheidene koude kathode indicatie buizen van 
о.а. Philips en STC. Deze buizen lenen zich voor toepassin- 
gen, waarbij de levensduur van minimaal 100.000 uur voldoer- 
de із en een hoogspanning van 170 tot 250 volt ter beschik- 
king staat. Denken we aan een werkelijk portable gebruik 
van een elektronisch telsysteem, dan zou aan het geheel een 
omvormer moeten worden toegevoegd voor opwekking van de 
anode-spanning; gezien de stroomafname behoeft dit niet al- 
tijd een bezwaar te zijn. 


























Langs deze weg wijzen wij echter op een nieuw soort cijfer- 
indicator van o.a. Mosanto. Deze indicator is opgebouwd uit 
licht uitstralende dioden (LED's) en in zoven-segment con- 
figuratie aangebracht in een kleine behuizing. Door de ei- 
genschappen van een LED is het mogelijk uit cen zovenseg- 
ment decoder/buffer versterker deze indicator te sturen, 
waarbij een goede duidelijkheid en afleesbaarheid wordt ver- 
kregen door de grote lichtopbrengst van de LED's. 





























In deze documentatie zullen we echter de verdere bespreking 
van dit device nog even achterwege laten, aangezien op dit 
moment o.i, alleen gebruik op grotere schaal financieel is 
verantwoord (stuksprijs circa f 50,-). Mocht in de toe~ 
komst een grote belangstelling ontstaan door een verla- 
ging van de kostprijs, dan zvllen wij gaarne uilgobreid op 
de eigenschappen en het gebruik van deze indicator terug- 
komen. 


ELAS 
мот olam НЫР BEDRIJF, WAAR DE TECHNISCHE 


ELEKTRONICA ONTWIKKELINGEN BLIJVEN DOORGAAN 










































































INDICATOR TUBE 


Long life cold cathode ten digit numeral indicator tube for top viewing. 





[ QUICK REFERENCE DATA 





Numeral height 15 mm 
1234567890 


170 у 


Nunierals 
Supply voltage min. 


Anode current 2 mA 





GENERAL, 


The numerals are 15 mm high and appear on the same base line allowing їп- 
line read out. Те 2М1020 is provided with a red contrast filter. 


PRINCIPLE OF OPERATION 


The tube contains ten cathodes in the form of ten figures and one common 
anode. By applying a suitable voltage between the anode and one of the ten 
cathodes the corresponding numeral will be covered by a red neon glow. 


nsions in mm 


DIMENSIONS AND CONNECTIONS 
Base: ВІЗВ 


thus port 
of the bulb 
is filter 
tooted 


т | 


mj. | Jnana se 


LIFE EXPECTANCY AND RELIABILITY (at ty = 2 mA) 


Sequentially changing the display from опе 


digit то the others every 1000 h. or less 100.000 в 


Ihe reliability has been assessed ın a life test programme totalling 4.5 x 106 
tube hours. The longest test period was 50.000 hrs ou 47 tubes. No failures 
have heen found. ‘The Mean Time between Failures is better than 106 hrs which 
corresponds with a failure rate of less than 0.1 7 per 1000 hes at а confidence 


level of 95 7. 


LIMITING VALUES (Absolute max. rating system) 
Anode voltage necessary for ignition 
Anode current, D.C. 

rectified А.С. and pulse mA 


average (Tay = max. 20 ms) з mA 


peak mA !) 


see lines N and W 


Cathode selecung voltage pat 


Bias voltage between anode and 
"off" cathodes (see sheet 5) max. — Vfloating 
min. -50 ОС 


Ambient temperature таш. HAI °C 


Ту Above Ід = 6 MA the connecting wires and eyelets may be covered by the 
glow. 


Mounting position: any 

The Tals are viewed through the dome of the envelope. The numerals will 
appear upright (within L.5°)when the tube is mounted with the line through pins 
1 and 8 vertical, pin 8 being uppermost. 


Accessories 


Socket type 2422 505 00001 
or 
2422 505 00002 


CHARACTERISTICS AND OPERATING CONDITIONS 
(Valid over life and full temperature range) 
Ignition voltage max. 170 V 
Maintaining voltage кее sheet 4 
Anode current for coverage, 
average during any conduction period 
Anode current, 
average (Tay = max. 20 ms) max. 3 mA 
peak max. 6 mA 
Cathode selecting voltage see sheet 5 


Extinguishing voltage min. 118 V 


Typical operation 1) 
D.C. operation 


See sheets 5 and 6 


. operation 


See sheets 5 and 7 


1) Bulb temperatures below 10 "С result in a reduc 
changes in characteristics (see sheet 4). 
In designing equipment to be used over a wide temperature range the usi i 
‘constant current operation” (high supply voltage with а high anode series 
stor) is recommended 





Vin See sheet 5) ІҢ! 
+ Above Vi the "of. 
ond the curent Ein 
Te EH ERR 
: Vm 7*9 lo 
: Vm = аж, 
:Vm=122+ 6 Io 
Vn = 2-461, 
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6 Lima) 7 





























Ick individual and Z Ipk versus cathode selecting voltage Vig at 15 7 2 mA. 
Ikk and ЕҢ are proportional to anode current in the range Vy = 0 to 100 V. 


‘The range of Уп (Ikk - 0) shifts to the right/left at increasing/decreasing anode 
current (8 V/mA). 


The curves are valid for instantaneous and for average values of anode current. 


Ја 


Tam let Ely 


200 | Маги)! | 250 


t 
HIT 





For low cathode Selecting voltages the current Ikk to the "off" cathodes will 
increase and the eradabtlity of the “on” cathode will be affected. In is thi 
tore recommended to use a nominal operati 1 o The кірін of line N. 
Under the worst operating 
the area lett of line W 


conditions the operating port should never reach 


































































































































































































50 100 Ra (kdl) 150 


Graph denoting the relationship of the peak value of full-wave umsmoothed rec 
tified A.C. anode supply voltage and the required anode resis 
within the recommended operating а 


INDICATOR TUBE 


Long life cold cathode ten digit numeral indicator 
for top viewing. 


The STC GN4P is electrically identical with type 
7М1020 but has a decimal point to the left of the 
numerals (connection point 8). For the use of this 
decimal point see also the 241000 datasheet. The 
numeral connections are identical with the type 
7М1020 or the type 741022. 








7506 sheet 5 


Example: 

Supply Vie = 300۷ + 10 
[Ко nominal = 79.0, 
Ra maximum = 124 ki 
Ra minimum = 66 8.0. | 


200 №, (ki) 300 


Graph denoting the relationship of D.C. anode supply voltage and required 
anode resistor to remain win the recommended operatum region 


PHILIPS INDICATOR TUBE 


“The type #М1022 
coating. 

The use of a separate blue absorbing e.g. circular polarized amber filter 15 
recommended, 


s electrivally identical with type ZM1020 but has no filter 


DIMENSIONS AND CONNECTIONS 
Base: ВІЗВ 








INDICATOR TUBE | zmo | PHILIPS INDICATOR TUBE 


Cold cathode character indicator tube for top viewing. Cold cathode chy racter mdicator tube for top viewing 








QUICK REFERENCE DATA 


Character height 15 mm 








QUICK REFERENCE DATA | 


| Characters сів, Ке/ч, Mc/s, из, ms, ns, з 





Characters А, У, Я, eso ten 


ний и ae ‘This tube is mechanically compatible with type ZM1020 


Anode current 2 та 
DIMENSIONS AND CONNECTIONS Dimensions in mm 





DIMENSIONS AND CONNECTIONS Dimensions in mm 
Base: B138 


this port 


+ 
_ 245315 of the bulb 


me 


CHARACTERISTICS, OPERATING CONDITIONS AND LIMITING VALUES 
ЮЕ CHARACTERISTICS , OPERATING CONDITIONS AND LIMITING VALUES 


These are essential the f type 7 
а type ҮТМИ. "Ihese are essential the same as of type ZM1020. 


• 





Waast де in deze documentatie besproken produkten treft U in ons 
voorraad-programma ook vele produkten aan, welke in combinatie 
hiermee uitstekend gebruikt kunnen worden. Voor een gedeelte hier- 
van verwijzen wij naar onze prijslijst "digitale produkten", Wij plastic dual-in-line. 


noemen U hieruit: TT's plastic dualin line packages are rugged and low 


= Баски н of device he 
PRINTVORTEN voor 14 еп 16 pens dual-in-line IC's. Deze voeten ا‎ йы > 


sijn uitgevoerd met vergulde contacten met een overgangsweer- 
wtand van maximaal 0,0050. De minimum isolatieweerstand bedraagt 
4х 10140, terwijl de maximale belastingsstroom per contact 1 amp. 
mag bedragen. Wij wijzen erop, dat deze uitvoering printvoet 
(van het fabrikaat Barnes) zich door zijn geringe bouwhoogte, 
hoogwaardige contactkwaliteit en geringe prijs uitstekend leent 
voor permanent gebruik in digitale systemen. 





қ 
| DUINWIELSCHAKELAARS kunnen in vele systemen worden toegepast, prees INSTRUM ENTS 


м; 3 een bepaalde functie, welke instelbaar dient te zijn, 

worden onttrokken of worden toegevoegd aan het logische 
systeem. We kunnen hierbij o.a. denken aan een teller mt 
voorkeuze instelling (en wat dacht U van een decade-bank??). 
Deze duimwielschakelaars kunnen in verscheidene uitvoeringen 
en afmetingen geleverd worden met zowel decimale als binaire 
code. Voor nadere gegevens kunt U contact opnemen met onze 
afdeling verkoop. 


TAPEMATERIALEN zijn bij het vervaardigen van printen in digi- 
tale systemen onontbeerlijk. Door de vergaande miniaturisatie, 
welke eek іп de bedrading tussen de diverse IC's tot uiting 
komt, is het vervaardigen van printen langs fotografische weg 
een noodsaak geworden. Daartoe levert Van Dam Elektronica U 
ook etssets volgens het foto-positief procédé (!!!), bestaande 
uit fotoresist, ontwikkelaar, reinigingsmiddel en etsmiddel; 














14-PIN PLASTIC DUAL-IN-LINE N-PACKAGE OUTLINE 


NOTES: а. The true-position pin spacing Ir 
0.100 between centerlines. Each 

located within 
Jongitugpar 








B. All dimensions are ın inches 
этш otherwise noted. 


6. This dimension does not apply 











hierveor is ook pertinax of glasvezel printplaat leverbaar, 16PIN PLASTIC DUAL-IN-LINE N-PACKAGE OUTLINE 

0,1' transperant rastermateriaal, tapes en cirkels voor het NOTES: а, The true-position pin spacing 

vervaardigen van printtekeningen e.d. Zie voor deze produk- Е дової و و‎ 

ten ook onze prijslijst "digitale produkten". € = lonsttudin ы 
тет (1) w 





B. Ай dimensions are in inches 


unless otherwise noted. 





not вору 


van olam heeft niet alles, alleen het beste. 
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Inleiding 


Ontwerpaanwijzingen voor een verantwoord gehruik van TTL ind schakelingen| 
Noise in TTL systems, application-note van Texas Instruments . . . . . . . 
TTL loading data, informatie omtrent maximale in- en uitgangsbelastingen 


SN 74008 
SN 7402N 
SN 7404N 
SN 7410N 
SN 7413N 
SN 7420N 
SN 7430N 
SN 7440N 
SN 7441AN 
SN 7442N 
SN 7450N 
SN 74519 
SN 7455N 
SN 7454N 
SN 7460N 
SN 7470N 
SN 74721 
SN 7473N 
SN 74741 
SN 7475N 
SN 74761 
SN 74801 
SN 7486N 
SN 14908 
SN 74921 
SN 7495N 
SN 74100N 
SN 74121N 


Technische 
Nieuw type 
Technische 
Technische 
Technische 
Technische 
Technische 





Afmetingen en 
Inhoudsopgave 
Overzicht van 
Omzetstijging 


Quadruple 2-input positive NAND gates . 


Quadruple 2-input positive NOR gates ........ ы 15 
Hox ТИУБУБОЮ 2 oe nr ке ж зоба eS SE x ы % 


Triple 3-input positive МАМ) gates . . 
Dual 4-input Schmitt-triggered positive 
Dual 4-input positive NAND gates . . - 
8-input positive NAND gates . . . . . • 
Dual 4-input positive NAND buffers . . 
BCD-to-Decimal decoder/driver . . . . . 
4-line-to-ten-line decoders (1-о4-10) з 


Expandable dual 2-wide 2-input and-or-invert estas FE 
Expandable dual 2-wide 2-input and-or-invert gates . . . 


Expandable 4-wide 2-input and-or-invert 
Expandable 4-wide 2-input and-or-invert 
Dual 4-input expander . ........ 
Edge-triggered J-K flip-flops . E 
J-K master-slave flip-flops . . . . . • 
Dual J-K master-slave flip-flops . . . 


gales 
gates 


зі aw £x То 


Dual D-type edge-triggered flip-flops . . . . . . T 
4-Bit bistrable latches . . . . . • E ow EX» à % 
Dual J-K Master-slave flip-flops with preset and clear . 


Gated full addres . . . . 
Quadruple 2-input ехозадвув- б; зів 


4. 4... 


Decade counters ..................... 


Divide-by-twelve counters (Divide-by-two and Bisido-tg- sii) 


4-Bit binary counters . . . . « … • … - 


8-Bit bistable latches ................ а 


Monostable multivibrator . . . . . . • 


arameter measurements information (test circuits) 
Typical characteristics ... ......... 
Overzicht van verwisselbare TTL geintegreerde schakelingen . 


gegevens van де 2М1000 en ZMLOOOR cijfer indicatiebuis 


eijfer-indicator . e « « « 4 … eee 


gegevens van de 7М1020 cdjfer-indicatiebuia Е 


gegevens van de 2М1022 cijfer-indicatiebuis . . 


gegevens van de GN4P cijfer-indicatiebuis (= 
gegevens van де ZMLO21 eenheden-indicatiebuis 
gegevens van de 21024 eenheden-indicatiebuis 


ZMLO20 aat: өкілі. Bud 


WoW. > 


з wo» E * 
me @ зш m D Um 


ка x = 


% 
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Aanverwante mechanische materialen voor samenstelling van digitale apparatuur 
uitvoering van de 14 en 16 pens TTL IC's van Texas Instruments . . 
en deel 1-4 van de technische documentatie 1970 . . . 
artikelen over de TTL materie, welke U interessant heeft етен ни 
over 1968 en gedeelte 1969 van TIL t.o.v. andere series logica . 


CR ON 75 te 





4-15 
16-19 


echnische Documentatie 1970, deel 1-4, behandelde in zijn geheel de technische gegevens, 


ontwikkelachtergrond, beschermmogelijkheden, testrapports, testapparaat, frequentie-compen- 
satie en vele toepassingen van de operationele versterker 709. Wilt U hiervan meerdere ехеш- 
platen hebben, dan kan deze documentatie ook los worden aangeschaft door storting van f 5,20 
op onze postgirorekening 295550 t.n.v. Van Dam Elektronica n.v., Hotterdam-noord, Holland, 

onder vermelding van: t.b.v. Technische Documentatie 1970 DEEL 1 t/m 4. 
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Op dezelfde wijze kunt U ook in het bezit komen van de tweede 
en herziene druk van de documentatie/bouwbeschrijving van de 
zo bekend geworden "IiART"-versterkcr. Deze versterker, welke 
onder de bouwpakketten nog geen tegenhanger heeft, is ook in 
november 1969 door de redaktie van Radio Bulletin getest en 
besproken. De prijs van deze documentatie bedraagt f 2,50. 





2925550 














Naast deze technische gegevens kunt U regelmatig in de vakliteratuur toe- 
passingen en nadere beschrijvingen van TTL geïntegreerde schakelingen aan- 
treffen. Wij houden met opzet het verdere gedeelte van deze pagina open, 
teneinde U in de gelegenheid te stellen, hierop de artikelen, welke U іп- 
teressant vond en eventueel wilt kunnen naslaan, te noteren. 





SCHAKELING EN OMSCHRIJVING 
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Diverse toepassingen (poorten, frequenticdelers, tel- 











lers, епа.) 
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erdee RENESAS ss de tendens is TTL; 
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Ontkennen heeft geen zin санаа є бағала айыл санаға 


. 4-4... | 
zie pag. 76. 
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MONTHLY SHIPMENTS 
|| OF DIGITAL IC'S 
||| 5 (IN DOLLARS) 


SOURCE: EIA 


MILLIONS 
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TTL 








bs VOIn ат Belt U пи: 010 - 240812 - 243497 - 245516 


ELEKTRONICA Vóór 15-00 uur besteld, vandaag nog verzonden. 





76 











